A Gram-strain-negative, rod-shaped, motile bacterium, designated MIM27
The genus Rhizobium, is a member of the family Rhizobiaceae of the phylum Proteobacteria [1] . Frank [2] described the genus Rhizobium as root and/or stem nodulating bacteria. At the time of writing, the genus Rhizobium comprises 89 species with validly published names (http:// www.bacterio.net) including the 12 species described in 2013-2015 [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] . In this study we describe a strain, MIM27
T , and propose it as the type strain of a novel species, Rhizobium arenae.
MIM27
T was isolated from the sand of the Mu Us Desert (39 37¢ 28 † N, 109 50¢ 14 † E, height 1510 m), PR China, in October 2015. Isolation was carried out using the standard dilution plating method, on R2A [15] medium at 28 C. Creamy colonies appeared after incubation at 28 C for 3 days. The strain was routinely cultured on R2A medium at 28 C for additional taxonomic experiments and preserved as a glycerol suspension (15 %, v/v) at À80 C. In this study, Rhizobium pakistanense T (=CCBAU 101086 T ) [16] was kindly provided by the Culture Collection of China Agricultural University and used as a reference organism.
Bacterial genomic DNA was isolated and purified by using a genomic DNA isolation kit (Tiangen Biotech). The 16S rRNA gene of MIM27 T was amplified from the extracted genomic DNA by using primers 27F [5¢-AGAGTTTGATC (A/C)TGGCTCAG-3¢] and 1492R [5¢-ACGG(C/T)TACC TTGTTACGACTT-3¢] and sequenced. Amplification and sequencing of 16S rRNA gene was carried out according to the method described by Du et al. [17] . The taxonomic position of MIM27
T was analyzed using the obtained 16S rRNA gene sequence by EzTaxon server [18] and indicated that the strain represented a member of the genus Rhizobium. Three housekeeping genes, recA, atpD and gln II, which have been widely used in the classification of members of the genus Rhizobium, were identified in the draft genome sequence of MIM27
T . The draft genome sequence of MIM27
T was determined and analyzed as described by Du et al. [19] on Ashbys nitrogen-free media was observed. All sequence alignments were performed using the CLUSTAL W program. Evolutionary distances were calculated using the Kimura two-parameter model [22] . Phylogenetic trees were inferred using the neighbour-joining [23] , maximum parsimony [24] , minimum-evolution [25] and maximum likelihood [26] Cell morphology and dimensions were determined by using light microscopy (Eclipse Ti-E; Nikon). Gram staining was performed as described by Smibert and Krieg [30] . Cell motility was observed by using semi-solid medium in test tubes. Catalase and oxidase activities were tested according to standard methods [31] . The tests for utilization of different carbon sources, enzyme activities and some physiological characteristics were perfomed by using API 20NE, API ZYM and API 50CH systems (BioM erieux) and Biolog GNIII plates according to the manufacturers' instructions. The temperature range for growth was determined at 4, 10, 15, 20, 25, 28, 30, 33, 35, 37, 40, 45 and 50 C on R2A medium. The pH range for growth (pH 4.0-10.0, with intervals of 0.2 pH units) was determined using acetate buffer (for pH 4-6), KH 2 PO 4 /NaOH buffer (for pH 6-7) and Tris/ HCl buffer (for pH 7-10) at 28 C. Tolerance of NaCl was determined by assessing changes in OD 600 in R2A liquid medium supplemented with NaCl concentrations of 0-5 % (w/v) (at intervals of 0.5 % NaCl) at 28 C for 1 week with shaking. Anaerobic growth was determined using an anaerobic environment system (Bactron) on R2A medium with checking resazurin coloration according to the manufacturer's instructions. Resistance to antibiotics was tested by the disc diffusion method [32] .
T formed circular, convex, cream and opaque colonies, 0.5-1.0 mm in diameter after 3 days of incubation on R2A medium. Cells of MIM27
T were rod-shaped (2.4-3.1 µm in length, 0.9-1.0 µm in width), Gram-strain-negative, motile, aerobic and oxidase-and catalase-positive. Growth occurred on R2A medium supplied with 0-3 % NaCl (optimum, 0 %), at 4-45 C (optimum, 37 C) and at pH 6.6-9.0 (optimum, pH 8.0). Antibiotic susceptibility was tested on R2A plates containing the following amounts of antibiotics (µg/disc, except where noted), MIM27
T was sensitive to polymyxin B (300 U/disc) and cefoperazone (75), carbenicillin (100), cefamezin (30) , cephalexin (30) , neomycin (30) , chloroamphenicol (30) , minocycline (30) , ciprofloxacin (5), norfloxacin (10), streptomycin (10), compound sulfamethoxazole (25) , ampicillin (10), doxycycline (30) , ofloxacin (5), tetracycline (30) , kanamycin (30), erythromycin (15), gentamicin (10), ceftriaxone (30) , piperacillin (100), vancomycin (30) . Other detailed characteristics of the tested strain and its closest relatives are shown in Table 1 .
It is clear that MIM27
T is different from other closely related strains with respect to enzyme activities and carbon and nitrogen source utilization (Table 1) . MIM27
T showed weak enzyme activities of esterase lipase and b-glucosidase. It could utilize 18 substances as sole carbon sources but showed weak degrading capabilities for most of them, whereas the most closely related reference strain R. pakistanense BN-19 T could utilize similar substances but most degrading capabilities were much stronger. L-methionime and L-phenylalanine could be used as sole nitrogen sources by MIM27
T but not by R. pakistanense BN-19 T .
Cellular fatty acids of MIM27 T and R. pakistanense BN-19 T were analyzed by using the standard protocol of MIDI (Sherlock Microbial Identification System, version 6.1).
Strains were grown at 28 C on R2A for 3 days. As shown in Table 2 , major fatty acids of MIM27
T were summed feature 8 (C 18 : 1 !7c and/or C 18 : 1 !6c) (64.4 %), C 18 : 1 !7c 11-methy1 (10.2 %), C 16 : 0 (7.5 %), summed feature 3 (C 16 : 1 !7c and/or C 16 : 1 !6c) (5.7 %) and summed feature 2 (C 12 : 0 aldehyde and/or unknown ECL 10.9525) (5.0 %), Minor amounts of C 18 : 0 (3.3 %) and C 18 : 0 3-OH (2.0 %) were also present. The fatty acid profile of MIM27
T was very similar to that of R. pakistanense T with respect to most components. However, it differs from R. pakistanense T by the presence of large amounts of C 18 : 1 !7c 11-methyl and little C 19 : 0 cyclo !8c.
Respiratory quinones were extracted according to the protocol of Collins et al. [33] and separated by HPLC [34] . Ubiquinone-10 (Q-10) was the predominant respiratory quinone of MIM27 T , consistent with the phenotypes of all members of the family Rhizobiaceae [35, 36] . DNA G+C content was determined by reversed-phase HPLC [37] . The DNA G+C content of the strain was 59.8 mol%, which is within the range (57-66 mol%) reported for members of the genus Rhizobium [38] .
In conclusion, our data for phylogenetics, enzyme activities, fatty acid profiles and differences in physiological and biochemical characteristics indicates that MIM27 T was distinct from closely related species of the genus Rhizobium.
Therefore, on the basis of the data presented, we suggest that MIM27
T represents a novel species of the genus Rhizobium, for which the name Rhizobium arenae sp. nov. is proposed.
DESCRIPTION OF RHIZOBIUM ARENAE SP. NOV.
Rhizobium arenae (a.re¢nae. L. fem. gen. n. arenae of sand, the isolation source of the type strain).
Cells are Gram-strain-negative, rod-shaped (2.4-3.1 µm in length, 0.9-1.0 µm in width), motile and aerobic. Colonies are circular, convex, cream and opaque and 0.5-1.0 mm in diameter after 3 days of incubation on R2A medium at 28 C. Growth occurrs on R2A medium supplied with 0-3 % NaCl (optimum, 0 %), at 4-45 C (optimum, 37 C) and at pH 6.6-9.0 (optimum, pH 8.0). Positive for alkaline phosphatase, esterase (C4), leucine arylamidase, catalase and oxidase activities; Negative for lipase (C14), cystine arylamidase, a-chymotrypsin, acid phosphatase, a-
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